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HIGHLIGHTS 


►  p-(AHNSA)  is  a  new  for  electrocatalysis  of  oxygen  reduction  reaction. 

►  Electrochemical  deposition  of  platinum  metal  on  p-(AHNSA)  is  possible. 

►  It  will  contribute  the  research  for  reducing  the  amount  of  platinum. 

►  It  will  contribute  for  attaining  the  1  g  of  platinum/kWh  aim. 
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The  electrochemical  polymerization  of  p-(4-amino-3-hydroxynaphtalene  sulfonic  acid)  is  investigated  by 
using  cyclic  voltammetry.  Low  amount  of  platinum  is  loaded  (17—303  pg)  on  the  polymer  modified  glassy 
carbon  electrode.  The  electrocatalytic  activity  of  the  modified  electrodes  towards  oxygen  reduction 
reaction  is  investigated.  The  polymer  modified  glassy  carbon  electrode  shows  a  two  electron  reduction  of 
oxygen  to  hydrogen  peroxide  and  the  platinum  loaded  polymer  modified  glassy  carbon  electrode  shows 
a  direct  four  electron  reduction  of  oxygen  to  water.  The  chronocoulometric  study  of  the  oxygen  reduction 
reaction  shows  similar  results  to  those  obtained  with  other  techniques.  Koutecky-Levich  plot  analysis  is 
used  to  predict  the  mechanism  and  evaluate  the  kinetic  parameters.  Temkin  adsorption  isotherm  is 
observed  for  lower  platinum  loading  and  Langmuirian  for  high  platinum  loading. 

©  2012  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Proton  exchange  membrane  fuel  cell  (PEMFC)  is  a  promising 
power  source  for  electric  vehicles  and  portable  devices  because  of 
its  high  conversion  efficiency,  high  power  density  and  low  pollu¬ 
tion.  In  PEMFC,  the  electrochemical  reduction  of  oxygen  is  the 
major  source  for  the  loss  of  efficiency  and  rate  limiting  step  as 
a  result  of  the  complex  kinetics  and  the  sluggish  nature  of  the 
reaction. 

Polymers  like  poly  (p-aminobenzene  sulfonic  acid)  [1],  and 
poly(l,8-diaminonaphthalene)  [2]  modified  glassy  carbon  elec¬ 
trode,  and  chemically  polymerized  aniline,  pyrrole,  thiophene, 
methylthiophene  and  poly(3,4-ethylenedioxythiophene)  (PEDOT) 
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on  graphite  electrode  have  been  studied  for  this  application.  They 
showed  catalytic  activity  to  different  extent  with  the  exception  of 
PEDOT  [3]. 

Over  several  years,  considerable  effort  has  been  devoted  to  the 
use  of  platinum,  and  several  researches  have  been  published  in 
different  forms,  by  partial  replacement  with  other  metals,  or 
through  the  maximization  of  the  catalyst  surface  area.  Many  of  them 
indicated  platinum  as  a  good  catalyst  and  highly  stable  in  various 
electrolytes.  However,  platinum  is  very  expensive  for  use  as  a  cata¬ 
lyst  in  fuel  cell.  For  practical  applications  the  amount  of  platinum  has 
to  be  reduced  to  decrease  the  material  cost.  Reducing  the  amount  of 
platinum  and  getting  a  better  catalytic  activity  will  develop  the  fuel 
cell  by  attaining  the  1  g  of  platinum  per  kWh  aim  [4,5]. 

Microplatinum  particles  dispersed  on  conducting  polymers 
such  as  polyaniline  [5-9],  polypyrrole  [10],  p-(o-phenylenedi- 
amine)  [11],  Nation  [12-17],  poly(3,4-ethylenedioxythiophene) 
[18]  and  others  [19]  for  electrocatalytic  applications  in  oxygen 
reduction  reaction  have  been  studied  by  reducing  the  amount  of 
platinum  consumed  and  at  the  same  time  improving  the 
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performance  of  the  catalytic  activity  of  the  cathode.  In  addition  to 
the  micro  platinum  particles  a  number  of  platinum  alloys  have  been 
studied  [20-24]. 

To  our  knowledge,  there  are  no  reports  on  the  electrochemical 
polymerization  of  4-amino-3-hydroxynaphtalene  sulfonic  acid 
(AHNSA)  at  glassy  carbon  rotating  disk  electrode  or  micro  and  nano 
particles  of  platinum  dispersed  on  the  polymer  modified  glassy 
carbon  rotating  disk  electrode  (p-(AHNSA)/GCRDE)  for  use  in 
catalyzing  the  oxygen  reduction  reaction  in  acid  solution. 

In  this  work,  we  describe  the  synthesis  of  the  p-(AHNSA)  to  our 
knowledge,  the  cheapest  material  for  oxygen  reduction,  at  a  glassy 
carbon  electrode  through  electropolymerization.  The  electro- 
polymerized  p-(AHNSA)  was  also  loaded  with  platinum  in  different 
amounts,  ranging  from  17  pg  to  303  pg,  and  was  used  to  modify 
a  rotating  disc  glassy  carbon  electrode.  The  modified  glassy  carbon 
electrode  is  used  to  catalyze  the  oxygen  reduction  reaction  in  0.5  M 
H2SO4  solution  saturated  with  oxygen.  Linear  sweep  voltammetry, 
cyclic  voltammetry  and  chronocoulometry  were  used  to  elucidate 
the  oxygen  reduction  reaction  and  calculate  the  kinetic  parameters 
for  the  p-(AHNSA)/GCRDE  as  well  as  platinum  loaded  p-(AHNSA)/ 
GCRDE  at  different  amount  of  platinum. 

2.  Experimental 

4- Amino-3 -hydroxy naphtalene  sulfonic  acid  was  purchased 
from  Sigma  Aldrich;  Hexachloroplatinic  acid  was  purchased  from 
research  lab  Fine  Chem  Industries,  India  and  was  used  as  received. 
Distilled  water  was  used  to  prepare  the  supporting  electrolyte 
solution. 

Cyclic  and  linear  sweep  rotating  disc  electrode  voltammetries 
were  carried  out  at  25  °C  with  BASi  epsilon  Bioanalytical  systems. 
Three  electrodes’  electrochemical  cell  was  employed  in  the 
measurement  with  Ag/AgCl  as  reference  electrode,  Platinum  wire 
as  counter  electrode.  Bare  GCRDE  with  geometric  area  of 
0.0707  cm2,  p-(AHNSA)/GCRDE  or  platinum  loaded  p-(AHNSA)/ 
GCRDE  as  working  electrode.  The  GCRDE  was  polished  with  1.0,  0.3 
and  0.05  pm  alumina  successively  and  activated  in  0.5  M  H2SO4 
solution  between  +0.8  and  -0.8  V. 

Electropolymerization  of  2  mM  AHNSA  solution  in  0.1  M  HNO3 
at  the  activated  GCRDE  was  carried  out  using  cyclic  voltammetry  by 
scanning  the  potential  between  -0.8  V  and  +2.0  V  (all  potentials 
are  with  respect  to  Ag/AgCl  reference  electrode)  at  a  scan  rate  of 
100  mV  s_1  for  16  cycles  [25].  Then,  the  modified  electrode  was 
stabilized  for  24  cycles  in  monomer  free  0.5  M  H2SO4  until  a  steady 
state  is  obtained.  The  platinum  loaded  p-(AHNSA)/GCRDE  was 
prepared  by  the  electrodeposition  of  various  amounts  of  platinum 
(17-303  pg)  at  a  constant  electrode  potential  of  -0.150  V  in  0.5  M 
H2SO4  solution  containing  2  mM  H2PtCle6H20  and  the  amount  of 
platinum  deposited  was  calculated  by  the  amount  of  charge 
consumed,  assuming  all  the  amount  of  charges  consumed  are  used 
to  reduce  platinum  (IV)  to  platinum  (0). 

The  oxygen  reduction  current  on  the  polymer  and  platinum 
loaded  polymer  was  recorded  in  oxygen  saturated  0.5  M  H2SO4 
solution  at  a  sweep  rate  of  10  mV  s  1  between  +1.0  V  and  -0.025  V 
at  various  rotational  speeds.  The  reduction  current  was  normalized 
to  the  geometric  area  of  the  electrode  (A  =  0.0707  cm2)  and  cor¬ 
rected  the  background  electrode  current  recorded  in  pure  argon 
saturated  0.5  M  H2SO4. 

3.  Results  and  discussion 

3.1.  Characterization  of  p-(AHNSA)  and  the  platinum  deposition 

AHNSA  in  0.1  M  HNO3  is  electropolymerized  on  a  polished 
glassy  carbon  rotating  disc  electrode  at  a  scan  rate  of  100  mV  s-1  for 


16  cycles  between  -0.8  V  and  +2.0  V  (Fig.  1).  The  inset  in  Fig.  1 
shows  the  cyclic  voltammogram  of  the  polymer  modified  elec¬ 
trode  in  a  monomer  free  0.5  M  H2SO4  supporting  electrolyte 
between  -0.8  V  and  +0.8  V  at  a  scan  rate  of  100  mV  s-1  after  24 
cycles  of  stabilization. 

During  the  first  cycle,  two  oxidative  and  one  reductive  peaks 
appear  at  about  +0.23,  +0.65  and  -0.30  V,  respectively.  In  the 
consecutive  scans,  two  new  additional  peaks,  appear  at 
about  +0.03  and  -0.14  V,  respectively.  With  increasing  number  of 
cycles,  the  peak  currents  for  all  the  peaks  increase  except  for  the 
anodic  peak  at  +0.65  V.  This  increase  in  the  peak  currents  with 
increasing  number  of  cycles  indicates  the  formation  of  a  polymer 
film  on  the  surface  of  the  GCRDE.  These  peaks  are  well  resolved  in 
monomer  free  p-(AHNSA)  in  0.5  M  H2SO4  shown  in  the  inset  in 
Fig.  1  [25]. 

The  effective  surface  area  of  the  polymer  modified  electrode  is 
estimated  based  on  its  electrochemical  response  for  10  mM  of  I<3Fe 
(CN)6  in  1.0  M  KNO3  at  different  scan  rates.  It  is  calculated  using  the 
Rundles-Svicik  equation,  by  plotting  Ip  vs.  v 1/2  (Fig.  2). 

Ip  =  2.69  x  105ACD1/2n3/V/2  (1) 

where  A  is  effective  electrode  area,  v  is  scan  rate,  C  is 
10  x  1CT3  mol  L-1,  D  is  7.60  x  1CT6  cm2  s-1,  n  is  1  [26].  The  effective 
electrode  area  is  calculated  to  be  0.066  cm2  which  is  comparable  to 
the  electrode  geometric  area  (A  =  0.0707  cm2). 


3.2.  Oxygen  reduction 
3.2.1.  Cyclic  voltammetry 

The  inset  in  Fig.  3  shows  the  voltammograms  of  Ar  saturated  (a) 
and  oxygen  saturated  (b)  0.5  M  H2SO4  solution  at  p-(AHNSA)/ 
GCRDE  at  a  scan  rate  of  100  mV  s_1.  In  the  cyclic  voltammogram  of 
the  oxygen  saturated  0.5  M  H2SO4,  a  new  peak  started  to  appear  at 
about  -0.34  V  and  the  cathodic  peak  potential  is  obtained  at 
about  -0.  45  V  which  clearly  shows  the  p-(AHNSA)  has  electro- 
catalytic  activity  towards  oxygen  reduction  reaction. 

In  Fig.  3,  the  cyclic  voltammograms  of  platinum  loaded  p- 
(AHNSA)/GCRDE  in  oxygen  saturated  0.5  M  H2SO4  solution  at 
different  platinum  loading  are  shown.  The  current  values  are 


E(V) 

Fig.  1.  Cyclic  voltammograms  recorded  during  the  electropolymerization  of  2  mM 
AHNSA  in  0.1  M  nitric  acid  at  GCRDE.  Scanning  potential:  -0.8  to  +2.0  V;  scanning 
cycles:  16.  Inset:  cyclic  voltammogram  of  the  polymer  modified  GCRDE  in  a  monomer 
free  0.5  M  H2S04  supporting  electrolyte  after  its  stabilization  for  24  cycles.  Scanning 
potential:  -0.8  to  +0.8  V;  scan  rate:  100  mV  s-1. 
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Fig.  2.  Cyclic  voltammetric  response  of  10.0  mM  Fe(CN)63  in  1  M  KN03  at  the  p- 
(AHNSA)/GCRDE  at  scan  rates  of  10,  25,  50, 100,  200,  300,  400,  and  500  mV  s-1. 


normalized  with  respect  to  the  geometric  area  of  the  electrode 
(A  =  0.0707  cm2)  [23,27].  The  potential  for  the  hydrogen  adsorp¬ 
tion/desorption  region  is  <0.176  V.  As  can  be  seen  from  the  vol- 
tammograms,  the  hydrogen  adsorption/desorption  current 
increased  with  increasing  platinum  loading  illustrating  utilization 
of  Pt  [23]. 

The  peak  potential  shift  towards  positive  direction  and 
enhancement  of  the  normalized  current  of  oxygen  reduction  with 
increasing  platinum  loading  indicate  the  catalytic  activity  of  plat¬ 
inum  towards  oxygen  reduction  reaction  [11]. 

3.2.2.  Chronocoulometry 

Fig.  4A  shows  the  double  potential-step  chronocoulomograms 
recorded  for  p-(AHNSA)/GCRDE  in  oxygen  saturated  p-(AHNSA)/ 
GCRDE  (4A-a)  and  argon  saturated  (4A-b)  0.5  M  H2S04  solution 
with  an  initial  and  final  potentials  of  +0.5  and  -0.8  V.  In  a  similar 
manner,  Fig.  4B  represents  the  double  potential-step  chro¬ 
nocoulomograms  recorded  for  181  pg  platinum  loaded  p-(AHNSA)/ 
GCRDE  in  oxygen  saturated  (4B-a)  and  argon  saturated  (4B-b)  0.5  M 
H2SO4  solution  with  an  initial  and  final  potentials  of  +0.8 
and  -0.025  V.  The  number  of  electrons  is  calculated  from  the 
charge  obtained  using  Cottrell’s  equation  [28]: 

n  _  2nFAD1/2C()t1/2 

^  “  7tV2  [Z) 


E  (V) 


Fig.  3.  Cyclic  voltammograms  for  the  reduction  of  oxygen  saturated  in  0.5  M  H2S04  at 
a  p-(AHNSA)/GCRDE  with  various  loadings  (17,  91,  181  and  303  pg  Pt  cm-2).  Inset: 
cyclic  voltammograms  of  p-(AHNSA)/GCRDE  in  (a)  Ar  saturated  and  (b)  oxygen  satu¬ 
rated  0.5  M  H2S04  at  a  scan  rate  of  100  mV  s-1  and  at  25  °C. 


Fig.  4.  Chronocoulomograms  recorded  for  (A)  p-(AHNSA)/GCRDE  and  (B)  181  pg  cm-2 
platinum  loaded  p-(AHNSA)/GCRDE  in:  (a)  oxygen  saturated  0.5  M  H2S04  solution,  (b) 
argon  saturated  0.5  M  H2S04  solution. 


where  n  is  the  number  of  electrons  transferred,  F  is  the  Faraday 
constant  (96,484  C  mol-1),  A  is  the  geometric  area  of  the  glassy 
carbon  electrode  (0.0707  cm2),  C0  is  concentration  of  oxygen  in 
oxygen  saturated  0.5  M  EI2SO4  (1.03  x  10-3  mol  dm-3),  D  is  the 
diffusion  coefficient  of  oxygen  in  0.5  M  H2SO4  (2.1  x  10-5  cm2  s-1). 

From  the  slope  of  the  curve  obtained  by  plotting  Q.  against  t1/2, 
the  numbers  of  electrons  (n)  involved  in  the  oxygen  reduction 
processes  are  calculated  to  be  1.8  at  the  p-(AHNSA)/GCRDE  and  3.8 
at  platinum  loaded  p-(AHNSA)/GCRDE. 

3.2.3.  Rotating  disk  electrode  studies 

The  inset  in  Fig.  5  shows  the  linear  sweep  voltammograms  for 
the  reduction  of  oxygen  saturated  in  0.5  M  H2S04  at  the  p-(AHNSA)/ 
GCRDE  (normalized  to  the  geometric  area  of  the  GCRDE 
A  =  0.0707  cm2).  The  onset  potential  is  at  -0.2  V.  The  reduction  of 
oxygen  saturated  in  0.5  M  EI2SO4  is  also  investigated  at  platinum 
loaded  p-(AHNSA)/GCRDE  for  different  platinum  loadings  at 
various  rotations  (from  0  to  3200  rpm).  As  a  typical  example,  the 
complete  analysis  for  the  181  pg  platinum  loading  is  given  below. 

Fig.  5  shows  the  linear  sweep  voltammograms  recorded  for 
oxygen  reduction  in  0.5  M  H2S04  solution  saturated  with  oxygen  at 
181  pg  platinum  loaded  p-(AEINSA)  at  different  rotational  speeds. 

In  the  figure,  it  is  clearly  seen  that  the  oxygen  reduction  reaction 
occurs  at  0.5  V  which  corresponds  with  the  four  electron  reduction 
path  way  of  02  to  EI2O  on  the  platinum.  This  confirms  that  the 
oxygen  reduction  reaction  is  catalyzed  by  the  presence  of  the 
platinum  on  the  polymer  [20,29]. 

The  current  density  vs.  potential  curves  for  rotational  speeds  of 
w  =  100,  400,  and  1600  rpm  with  all  platinum  loadings  are  shown 
in  Fig.  6.  The  current  densities  platinum  loadings  are  increasing 
with  increasing  rotational  speeds  except  the  current  density  for  low 
platinum  loadings.  For  low  platinum  loadings,  the  responses  are 
found  to  be  less  dependent  on  the  rotational  rate  suggesting  that 
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Fig.  5.  Current  density  vs.  potential  plot  for  the  reduction  of  oxygen  saturated  in  0.5  M 
H2S04;  at  platinum  modified  p-(AHNSA)/GCRDE  (181  pg  Pt  cm-2)  at  different  rota¬ 
tional  speeds  at  scan  rate  of  10  mV  s-1,  at  25  °C.  Inset:  current  density  vs.  potential 
curves  for  the  reduction  of  oxygen  saturated  in  0.5  M  H2S04  at  p-(AHNSA)/GCRDE, 
under  similar  condition. 


the  adsorption  step  partially  controls  the  rate  of  the  overall 
reduction  reaction  [5]. 


3.3.  Analysis  of  the  data 


The  overall  current  density  can  be  described  as: 

1  _  ^  +  ^ 

J  Jk  Jd 
and 


(3) 


jd  =  0.20  nFCD2/W6wi/2  =  nBwi/2  (4) 

where  n  is  the  number  of  electrons  transferred  in  the  reaction,  F  is 
the  Faraday  constant,  A  is  the  geometric  area  of  the  electrode,  C  is 
the  concentration  of  oxygen  in  the  solution  (1.03  x  10-3  mol  dm-3), 
D  is  the  diffusion  coefficient  (2.1  x  10-5  cm2  s-1)  in  0.5  M  H2SO4,  v  is 
the  kinematic  viscosity  of  (1.075  x  10-2  cm2  s-1),  and  w  is  the 
electrode  rotational  speed  (rpm).  Using  the  relation,  in  plot  of 
equations  (4)  and  (5)  the  inverse  of  the  current  density  at  constant 
potential  vs.  w-1/2  gives  the  inverse  of  kinetic  current  density  (jk) 
and  Levich  constant  (B)  as  an  intercept  and  slope  respectively.  From 
the  slope  of  the  curve,  the  Levich  constant  (B)  is  calculated  to  be 
0.0322  mA  cm-2  (rpm)-1/2.  To  determine  the  number  of  electrons 
transferred  in  the  reaction,  the  overall  current  density  (j-1)  is 
plotted  against  the  square  root  of  the  angular  velocity  (w-1/2) 
resulting  in  Koutecky— Levich  plot  (K-L  plot).  Fig.  7  shows  the  I<— L 
plot  of  j-1  vs.  w-1/2  (with  data  taken  from  Fig.  5)  at  different  elec¬ 
trode  potentials.  Straight  lines  yielded  n  ~  4  over  a  wide  potential 
range  of  0.18-0.35  V  for  platinum  loading  of  181  pg  (Table  1).  This 
value  is  in  agreement  with  the  value  obtained  from  the  chro- 
nocoulometric  study  and  corresponds  to  the  oxygen  reduction 
reaction  as  (O2  +  4H+  +  4e-  ->  2FUO),  the  direct  four  electron 
reduction  of  O2  to  FI2O.  Similar  results  obtained  for  most  platinum 
loaded  polymers  [5,11]. 

The  inset  in  the  same  figure  shows  the  K-L  plot  of  the 
p-(AHNSA)/GCRDE  at  different  electrode  potential.  Straight  and 
parallel  lines  are  obtained  with  slope  remaining  constant  in  the 
potential  range  of  -0.40  to  -0.50  V  [28].  The  slope  of  the 
Koutecky- Levich  plot  of  j-1  vs.  w-1/2  yielded  n  ~  2  [3]. 

In  Fig.  8  K-L  plot  of  (A)  p-(AHNSA)/GCRDE  and  (B)  platinum 
loaded  p-(AFINSA)/GCRDE  at  two  different  potential  is  compared 


0.0- 


-0.5- 


E 

o 

E  -1.0- 
E 


-1.5- 


►  ▼  o 

T  -m-  1 7  \a  gm/crrn 


♦  64  p  gm/cmz 
^181  pgm/cm2 
▼  303  (a  gm/cm2- 
«  91  pgm/cm2 
142  p  gm/cm2 


0.0 


0.4 
E  (V) 


0.8 


Fig.  6.  Current-potential  curves  for  the  reduction  of  oxygen  saturated  in  0.5  M  H2S04 
at  p-(AHNSA)/GCRDE  loaded  with  different  amounts  of  platinum  (17-303  pg  cm-2)  at 
different  rotational  speeds:  (a)  w  =  100,  (b)  w  =  400  and  (c)  w  =  1600  rpm.  Scan  rate: 
10  mV  s-1;  at  25  °C. 


with  the  theoretical  two  and  four  electron  K-L  plot.  The  plot  of 
p-(AHNSA)/GCRDE  is  parallel  and  has  the  same  slope  with  theo¬ 
retical  plot  of  2  electron  path  while  for  platinum  loaded 
p-(AHNSA)/GCRDE  is  parallel  and  had  the  same  slope  with  theo¬ 
retical  plot  of  4  electron  path  way,  which  is  consistent  with  calcu¬ 
lated  number  of  electrons  from  equation  (4)  and  from  the 
calculation  of  the  chronocoulometric  plot  (Table  1 ). 
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Fig.  7.  Koutecky-Levich  plot  for  the  reduction  of  oxygen  in  oxygen  saturated  0.5  M 
H2S04  at  platinum  loaded  (181  pg  cm-2)  p-(AHNSA)/RDGCE  at  different  potentials. 
Scan  rate:  10  mV  s"1  and  temperature  25  °C.  Inset:  Koutecky-Levich  plot  of  oxygen 
reduction  in  oxygen  saturated  0.5  M  H2S04  at  p-(AHNSA)/p-(AHNSA)/RDGCE  under 
similar  conditions. 


From  the  Koutecky-Levich  plot  (Fig.  7),  the  intercept  at  the 
origin  (w  -►  °°)  gives  the  inverse  of  the  kinetic  current  density  jk. 
The  dependence  of  the  kinetic  current  density  on  the  overpotential 
is  shown  in  equation  (5)  below. 


Jk 


1  1 

-  +  —exp 
J\  Jo 


(5) 


As  can  be  seen  from  Fig.  9,  for  high  over  voltage  the  quantity  jk1 
approaches  to  jf1  (the  limiting  current  density). 

The  Tafel  slope  and  exchange  current  density  is  calculated  using 
the  relation: 


V  —  E  —  Ee  q 


-b 


In  A  +  In 

Jo 


Jk _ 

J\  ~Jk 


(6) 


Plotting  Tj  or  E  vs.  ln[/k/ji  -  jk]  gives  -b  as  a  Tafel  slope  and  the 
intercept  at  the  origin  is  used  to  calculate  j0  (exchange  current 
density)  using  the  known  limiting  current  density  (Table  1 )  [28,30]. 

The  Tafel  slope  and  the  exchange  current  density  calculated 
from  the  plot  of  E  vs.  ln[/k/ji  -  jk],  shown  in  Fig.  10,  for  platinum 
loading  of  181  pg  cm-2  are  given  in  Table  1.  The  Tafel  slope  varies 
from  a  value  of  about  35  mV  dec-1  for  lowest  platinum  loading  to 
106  mV  dec”1  values  to  higher  amount  of  platinum  loading.  This 
could  be  ascribed  to  Temkin  and  Langmuirian  adsorption  isotherms 


Table  1 

Kinetic  parameters  for  the  oxygen  reduction  reaction  at  p-(AHNSA)/GCRDE  and 
platinum  loaded  p-(AHNSA)/GCRDE  at  different  platinum  loadings. 


Pt  loading 
(W/pg  cm"2) 

Total  number 
of  electrons 
(ne)a 

Limiting 

current 

density 

O'/mA  cm"2) 

Tafel  slope 

(b/mV 

decade"1) 

Exchange 

current 

density 

07 mA  cm"2) 

0 

1.8 

3.69 

44 

4.82  x  10"4 

17 

3.6 

4.10 

35 

5.21  x  10"3 

64 

3.5 

8.20 

70 

7.03  x  10"3 

91 

3.6 

11.23 

71 

1.77  x  10"3 

142 

3.1 

11.70 

71 

1.77  x  10"3 

181 

3.4 

10.45 

83 

1.63  x  10"3 

303 

3.7 

27.13 

106 

1.40  x  10"3 

a  Average  of  the  number  of  electrons  calculated  at  different  electrode  potentials. 


A 


Fig.  8.  Koutecky-Levich  plot  for  the  reduction  of  oxygen  in  oxygen  saturated  0.5  M 
H2S04  at  (A)  p-(AHNSA)/RDGCE  at  potentials  of  0.663  and  0.603  V,  (B)  platinum  loaded 
(181  pg  cm-2)  p-(AHNSA)/RDGCE  at  potentials  of  0.014  and  0.057  V. 


Fig.  9.  Plot  of  jk 1  vs.  E  for  the  reduction  of  oxygen  in  oxygen  saturated  0.5  M  H2S04  at 
platinum  (181  pg  cm-2)  loaded  p-(AHNSA)/RDGCE. 
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Fig.  10.  Plot  of  potential  E  vs.  ln[/k/(jj  -  jk)]  for  the  reduction  of  oxygen  in  oxygen 
saturated  0.5  M  H2S04;  at  a  platinum  (181  pg  cm-2)  loaded  p-(AHNSA)/RDGCE.  Inset: 
plot  of  potential  E  vs.  ln[/k/(/i  -  jk)]  for  the  reduction  of  oxygen  in  oxygen  saturated 
0.5  M  H2S04  at  p-(AHNSA)/RDGCE  under  similar  conditions. 

respectively.  One  can  also  evaluate  the  exchange  current  density 
from  the  intercept  of  the  plot  of  E  vs.  In  jk/j\  -  jk].  The  result 
obtained  for  the  exchange  current  density  for  platinum  loading  of 
181  pg  cm-2  is  1.63  x  10  3  mA  cm-2  which  is  much  higher  than  the 
limiting  current  density  by  a  factor  of  103.  Similarly,  the  p-(AHNSA) 
modified  electrode  has  an  exchange  current  density  of 
4.82  x  10  4  mA  cm-2  which  is  104  times  higher  than  the  limiting 
current  density  [31-34]. 

4.  Conclusion 

The  electropolymerized  p-(AHNSA)/GCRDE  and  the  platinum 
loaded  p-(AHNSA)/GCRDE  were  used  to  study  their  electrocatalytic 
activities  towards  oxygen  reduction  reaction.  The  platinum  loaded 
p-(AHNSA)/GCRDE  was  found  to  change  the  oxygen  reduction 
reaction  path  from  2  in  p-(AHNSA)/GCRDE  to  4  electrons.  The  onset 
potential  was  significantly  increased  with  increasing  platinum 
loadings  from  0  to  303  pg.  Kinetic  parameters  like  jo,  j\  and  Tafel 
slope  were  evaluated.  Good  catalytic  activity  was  observed  with 
low  platinum  loadings  on  p-(AHNSA)/GCRDE. 
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